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Abstract 
A few years after TRIZ appearance in highly industrialized countries, many experts in Case Based Reasoning pointed out potential 
similarities between both approaches. Later on, research activities have been conducted and publications appeared on this subject. 
This paper presents the results of an in depth study of the roots of both approaches, from the point of view of their philosophy 
and the scope of their relevant action. After several tests and investigations, we arrived to the point that each approach weakens 
the other if any of the two let the other govern its conduction. The paper discusses this claim and provides some potential 
directions for new research in this area. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of TFC 2011, TFC 2012, TFC 2013 and TFC 2014 – GIC. 
Keywords: TRIZ, CBR, Analogy; 
1. Introduction 
 
 
Our industrial landscaped overflows with tools and methods, all of which seek a role and a position in assisting 
with issues relating to corporate life. Some approaches have mobilized scientists more than others because their 
foundations are more directly in line with a promising industrial use. TRIZ is one of these rare methods that have 
achieved a lasting influence over time. The concept attracts progressively more industrial actors, it is becoming 
more interesting to scientific communities and it intrigues public administrations of certain highly industrialized 
nations that are conscious of the full importance of structuring innovation internally. 
The arrival of TRIZ knocked the first scientists to observe it off balance. Indeed, how could a theory undertake 
to state that changes in objects are caused by a finite number of laws!? Ultimately, after two decades of use in 
industrial arenas, TRIZ has not only survived, but has continued to gradually expand to all areas of endeavor, be they 
academic, scientific, industrial, strategic or pedagogic. 
  he Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The purpose of this article is to elucidate a set of propositions that consider TRIZ and Cased Based Reasoning 
as complementary objects [1][2][3][4][5][6] Following an exhaustive analysis of a recent literature on this 
subject, we have decided to undertake this contribution jointly with a Case Based Reasoning expert using that 
person's contacts with the pertinent scientific community, as well as with a laboratory that has focused on TRIZ 
research for many years. 
Available literature and the conduction of numerous tests on TRIZ and CBR studies has led us to observe the 
problem resolution process they propose, as well as the choices made at major milestones that characterize them and 
the results arrived at respectively. The results of our investigation confirm that where TRIZ is the only guide for 
a case study, the group embarks upon a process in which the outcome is only poorly comparable to that of CBR. In 
contrast, the meticulousness introduced by CBR inevitably ends up with results that TRIZ cannot produce 
systematically. Ultimately, while the two processes are often compared or even imagined as complementary, we 
conclude that one process tends to diminish the other in the former's area of excellence. 
This article is divided into four sections. First the article will provide a brief summary of the two approaches 
for readers not familiar with either of them. A second section deals with existing comments on the subject and our 
analysis of them. The third section sets out our position on the subject, detailing the reasons leading us to the 
conclusion we have reached that the two approaches are not necessarily complementary. This paper also 
provides some points for consideration that could be of use to methodology researchers on either side of the question 
in pursuing their research on the subject, perhaps in directions heretofore not yet apparent.  
A discussion and conclusion will end our treatment of the subject. These outline some standpoints from which 
we will be embarking in our future research. 
2. Introduction of the two approaches: CBR and TRIZ 
Analogy is reasoning that is used quite often regardless of the field of study. According to L. Bérubé, [7] "Analogy 
is the intellectual operation through which the properties and characters observed in a limited number of 
individual cases are applied to an entire class or group". It is particularly difficult to model reasoning by analogy; 
such reasoning is used primarily in acquiring knowledge and expertise in work activities. 
Different types of work are carried out depending on their application. Cauzinille-Marmèche in [8] show that 
formalizing and putting this type of reasoning into electronic format are major problems. Generally, work carried 
out using Artificial Intelligence defines a limited family of representations about which we will be able to search 
for links, either to detect structural analogies [9] or to detect analogies between comparable reasoning applied, for 
example, to geometry exercises [10]. 
The analogical reasoning systems that are implemented are highly specific and they require that a precise 
domain and system for achieving correspondence are determined in such a way that is capable of drawing an analogy. 
From this principle that we will present and compare two approaches from research solutions or concepts 
by analogy. 
2.1. Principles and phases of the CBR process 
Cased Based Reasoning (CBR) uses validated prior experience, or "cases", as solutions to solve new problems. 
CBR is based on the principle of reasoning by analogy [11]. The analogy principle used is the following: Where 
two problems are analogous, the solutions combined to resolve them can also be analogous. 
Problem C is to Solution D what Problem A is to Solution B. It is supposed that relationships between C and D or 
A and B are understood or not understood, but that they exist. Where problems C and A are analogous or similar, 
a correspondence between them is possible. It is also supposedly possible to establish a correspondence between 
the respective solutions of Problems C and A. Thus the solution to Problem A may be appropriate as a solution to 
Problem C. In practice, it is apparent that using Solution B to resolve Problem C can only be done with some minimum 
amount of adaptation. This principle is only valid where Problems A and C are in the same class, so that the same 
873 François Rousselot and Jean Renaud /  Procedia Engineering  131 ( 2015 )  871 – 880 
 
rules are applied. Likewise, the solutions are assumed to be similar. Analogical reasoning is often represented by 
the analogy square, as shown in Figure 1. 
Once a new problem has been identified for resolution—called the target problem—the problem similar or 
analogous to the target problem—known as the source problem—must be remembered from a set of problems (Į 
problem) so as to determine the recommended solution (ȕ source). Then the source solution must be adapted to 
arrive at the target solution (Į solution) for the target problem.  Once validated, the target problem will have 
its own solution (ȕ target). The tandem {target problem, target solution} can be memorized in a case base. A case 
refers to the tandem {Pb, Sol} [12]. 
 
Figure 1: The CBR process 
CBR is justified through cognitive psychology as most people improve their capacity for problem resolution 
through individual experience. They have more difficulty resolving new problems than problems similar to ones 
already encountered. The case base should be established through a learning curve in order to limit the number of 
stored cases. CBR is a particular case of reasoning by analogy where source and target cases belong to the same 
domain. CBR has numerous applications in various domains such as the medical profession, diagnostics support, 
planning (domains where past experience represents a major part of activities). 
There are major stages describing this method of reasoning: 
x       Identification and recognition of the problem. Describing a problem contributes to the recall of similar 
experiences. A too sketchy description of the problem could result in addressing an area with similar problems 
that is too large. In contrast, a description that is overly precise could result in overlooking a previous problem. 
This stage assumes a good understanding of a core competency or an area of studies and is used in determining 
the Target Problem {Pb (target)} to be resolved. 
x       Recall of past similar or analogous experience coupled with their solutions. Pairing functions will be called 
up according to the recall and description types of the problem. Indexing methods and similarity assessments will 
be adapted to the situations in order to produce the best possible selection of recalled cases. Determining a measure 
of similarity is not trivial. 
x       Modification and adaption of the source solution as a potential solution for solving the target problem. This 
stage is as important as the recall stage, in fact, it is linked to this stage [13]. The closer or more similar the 
recalled case is to the target case, the more the adaptation process will be facilitated. There are several types of 
possible adaptation processes. These include substitution, which is limited to changing the value of a basic 
attribute, transformation, where the structure and the attribute values of the case are transformed and by 
differentiation, where the case solution used is adapted by re-execution of the original parts of the solution. 
874   François Rousselot and Jean Renaud /  Procedia Engineering  131 ( 2015 )  871 – 880 
 
x       Testing and evaluation of the new solution. This stage will validate the appropriateness of the recalled and 
adapted solution to the new problem. Special attention will be applied to determining the level of appropriateness 
of this new solution. 
      Learning and memorization of the new case {pb(target), sol(target)}. In this stage, if the case is considered 
as interesting, the data base will be enriched so as to be useful in resolving new situations and problems [14] 
[15]. The new case should provide further expertise or added value to the cases already recalled. The cases should 
also observe the same granularity of knowledge. There should also be adequate structure of the data base, with 
indexing, tailored to an objective of facilitating the recall stage. 
Summary of reasoning implemented in CBR. 
CBR works from a set of already solved problems in one or several related or similar fields to find a solution to 
new problems. This involves finding a comparable problem that has a known solution and adapting the solution 
to attempt to solve the problem. The analogous reasoning behind Case Based Reasoning is carried out entirely 
in the field, without resorting to any abstraction procedure whatsoever. The key word here is "REUSE". 
The CBR process does not seek to discover new solutions. CBR requires special attention to determine how to 
model cases and a particular effort in establishing a case base. Solutions that are found are known solutions that 
belong to the case base or are revisions of a solution of the case base. These solutions belong to the domain. 
2.2. the TRIZ inventive approach 
The inventive design method is rooted in the TRIZ (Teoriya Resheniya Izobretatelskikh Zadatch) theory [16]. It 
results from the observation and consolidated review of numerous inventions and patents. This started with some 
400,000 patents from various disciplines, then reduced to 10% of the most "inventive" patents, which were 
analyzed in detail by laboratories in the former USSR by domain of specialty. The Russian engineer who conceived 
TRIZ, Altshuller, worked with colleagues located in over 300 laboratories after having set out a protocol for 
analyzing patents. Two conclusions were arrived at rapidly: 
The first relates to changes in products that humans manufacture, which, according to Altshuller, adhere to a 
finite number of laws [17]. One particular law states that a product evolves as long as it is possible to optimize 
certain parameters that provide satisfaction. When optimization is no longer possible, the correctly identified 
blocking situation becomes a starting point for the application of a method by the inventor. 
 
The second conclusion that was made was that designers tend to seek solutions in what they know best, i.e. 
their own fields. Yet a solution is truly inventive if it is not conceivable in the field and if it is not the result 
of an optimization or a compromise, but rather originates in a distant domain. In order to free up the imagination 
and to overcome this "psychological inertia", 
inventive design seeks to find a solution in other areas by analogy [18]. It offers a methodology that directs 
designers toward an analysis of a problem and its proper formulation, then provides it with models that set out 
the levels of abstraction needed for reasoning. The use of analogy nonetheless has a disadvantage. The 
solution offered is abstract and is not provided directly within the initial domain. It is a "solution concept" that 
still has to be validated. 
 
Analyzing the blocking situations cited above is accomplished through a dialectic reasoning process, which 
emerged from the reflections of several philosophers, particularly Hegel. Dialectics are particularly well suited for 
design work and are based on determining which contradiction is an obstacle to the development of an artifact. 
A contradiction exists if improving a given parameter of one artifact results in the degradation of another. Naturally, 
judgments relating to whether a parameter is positive or negative are subjective and will change over time. We 
should stress here that the term contradiction has a specific meaning in TRIZ. It concerns the influences among 
variations of parameters and does not have the meaning of contradiction in logic [19]. 
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The method was developed by and for engineers, who have the same traits as Inventors for Altshuller, to solve 
design problems in technical artifacts. Thus the models used in TRIZ have terms that evoke technical systems, 
such as "tool", "product", "substance" or "field". One must keep constantly in mind that these terms designate 
abstract concepts that are specific to the method and should not be confused with the technical concepts habitually 
indicated by these terms. Indeed, the origin of the method is in dialectic reasoning, which is not associated with 
a particular domain and is therefore applicable to all types of problems that can come down to a contradiction. 
We are now seeing applications to technical, such as in IT, or even human problems emerging. 
The key to finding analogous solutions in other areas is correctly identifying pairs of parameters at the core of a 
problem. Determining central contradictions is actually only one way of correctly dealing with the problem. The 
resolution of a problem, or the bypassing of a contradiction—we will explain how later—induces an idea for a solution 
into the mind of designers, and in some cases a solution concept, i.e. setting out certain features that the object should 
have. We could add that in making a clear distinction between the TRIZ and CBR approaches that situations in a like 
domain presenting the same contradiction could cause persons to consider different solutions because they will have 
undergone a human interpretation phase that tests an individual, that person's memory and their experience. 
 
General path of inventive design 
Scheme 1 shows the different conceivable paths for applying the method. We can see, without going into great 
detail, that it is possible to work on several different levels of abstraction, with each level associated with a 
resource to guide to the solution. The methods of separation of the physical contradictions are found at the 
highest level of abstraction. These will require greater creativity in bringing out a design solution because the 
solution begins with a more abstract solution "portrait" (also called Solution concept). On a more specific level 
(still not depending on any particular domain) the physical effects can be found; they lead more directly to a 
design solution. In order to ensure the reliability of the process, on the same problem it is therefore preferable 
to move to the level of highest detail of the problem model representation to lessen the creative effort and render it 
more systematic. The most widely used TRIZ tools are the Inventive Principles (IP). The analysis of the patents 
that solve contradictions, and are therefore "inventive patents", was used to associate 40 abstract IP principles that 
are taken from "creative reflexes" used tacitly by inventors to solve the problem described in their patent. Example: 
Use of the principle of copying or projection of the image of an object by a laser pointer for adjusting a telescopic 
pointer to short and long projections. 
Solving contradictions consists of responding to such questions as "how to render an object lighter and stronger at 
the same time?" or "how to make it small at one moment, then large at another?" 
Phase
3:Interpretation
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Figure 2: TRIZ Reasoning 
Designers often ask themselves these types of questions. The correlations established by Altshuller show that 
a true invention occurs when the contradiction is resolved, but not when the solution is the result of a compromise. 
According to the schematic illustration in figure 2, TRIZ leads designers to express their problem in the form of 
elementary contradictions that can then be solved using tools, such as the contradictions matrix, which in turn sends 
them to the principles that, when applied, are statistically the most widely used for solving a given contradiction 
throughout the engineering field. The TRIZ process offers a more specific level requiring greater modeling efforts 
for its application (symbolized in figure 2 by the area over the waved bold grey line). It redefines the contradiction 
on the physical level and associates an abstract solution model to it, a generic solution. The solving exercise consists 
of determining whether a new substance or new field should be introduced and what the physical features should 
be for the solution to be a solution. This process is much more formal and relies less on a designer's creative 
skills. 
The inventive design characteristic reveals a form of reasoning by analogy, the purpose of which is to find an 
inventive solution. Within this purpose, the idea is to completely isolate oneself from one's field so as to be able to 
look elsewhere, unhindered by one's knowledge of and experience within a field. The final result associates a design 
problem with a design solution. This solution must be represented or contextualized in the field, and its feasibility 
must then be evaluated. Analogous reasoning of inventive design takes place at an abstract level, with no relation 
whatsoever with the field of the original problem. The key concept of inventive design is "INVENTIVENESS". The 
goal of inventive design is to find new solutions, ones that are still unknown to design problems. 
3. Different approaches using analogy 
The two approaches work with analogy but while one attempts to get out of the domain, the other seeks to 
work only within the domain (as illustrated figure 3 & 4). Their respective processes, although apparently analogous, 
seek different goals. With TRIZ, it is important to bring out a design solution that is independent of a particular 
domain, whereas with CBR, the emphasis is on transforming a solution into a new solution within the domain (find 
known solutions or ones improved through adaptation). These two objectives appear at first glance to be contradictory. 
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In this section, figures 3 through 6 indicate each reasoning model investigated with, in clear, its logical path and in 
light grey what it does not fulfill as compared with an overall full process. 
 
Figure 3: TRIZ reasoning mode 
 
Figure 4 : CBR reasoning model 
In our analysis of the literature of the TRIZ and CBR domains, we nonetheless observed as did Goel and Craw 
[20] that some authors sought to extend the scope of CBR to several domains by introducing abstraction. For 
example, Bhatta & Goel in [1] developed an autonomous system using the acronym IDEAL that considers the 
possibility of a knowledge transfer in distant domains by stipulating that this is an important element of creativity. 
IDEAL carries out a theoretical abstraction of the design patterns type involving an open loop feedback control. To 
this end, a design case in a domain, let us say, operational amplifiers, is transferred to solve problems in another 
domain, say gyroscopes. This system memorizes design solutions at several abstract levels, using model design 
cases, after which the authors worked on design problems at different levels of abstraction. 
This interesting attempt made by the IDEAL system appeared to show that it is possible to extend the scope of 
CBR to approach several specific neighboring domains that have common traits. The Bergmann- Wilke article [2] is 
a good illustration of how an abstraction can be added in CBRs. For example, abstract levels can be added for indexing 
cases, and if the system is allowed to locate solutions of abstract cases, the problem of interpreting abstract solutions 
by representing them within the domain must be overcome. In both of these works, the abstraction mentioned is 
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a generalization of several domains, involving abstracted teleological design patterns in the case of [1] and planning 
in the case of [2]. This is a far cry from an abstract level with relation to all domains as is the case in TRIZ. In 
CBR with abstraction, the abstraction process consists in selecting features common to several domains. 
 
Figure 5: First attempt for CBR with abstraction 
In summary, inventive design can be related to a certain kind of analogy in that it concentrates on even less formal 
design problems from the perspective of their composition. In other words, inventive design covers a field of 
solutions that is potentially wider than other systems that use an analogy by model, such as Goel's [20], where the 
design goal is known. In such systems, analogies by functions are also known and functional analyses or grippers 
are used, still on the level of the field of application of the various analogies [3]. We can speak here of close-
domain analogies for standard CBR and cross-domain analogies for those CBRs that feature a certain level of 
abstraction. In contrast, we speak more of domain independent analogy for inventive design issues. 
A certain number of researchers state that they get CBR and TRIZ working together. Some even claim to have 
established a synergy. We are perplexed by assertions of this kind. TRIZ is thus seen as an internal tool of a 
CBR system used to add new cases in the case base, as affirmed in the eco-innovation article by [4][5][6], as well 
[21] and [22]. 
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Figure 6 : CBR & TRIZ proposed merging 
In these systems, the first thing to look for is whether the case to be dealt with or a similar case exists in the case 
base, and if it does, this solution is used to devise a suitable solution. Only when no similar problem is found does 
one invoke inventive reasoning. 
Under these conditions, we are only very marginally in a design mode that could be qualified as inventive. 
The solutions developed by such systems will not be as inventive as they would be if we used solely TRIZ-inspired 
reasoning. This leads one to wonder what advantages can such a system present. If inventive solutions are not sought 
at all cost, this way of working could be advantageous, since, as we know, implementing TRIZ or an inventive 
design process requires substantial resources. Yet in the opposite scenario, there is little doubt that incorporating 
TRIZ into CBR produces no synergy, and in reality stifles inventiveness.  
In more precise terms regarding recommendations about solution areas, Lee and Deng [22] as well as Cortes-
Robles all define the CBR solution area as a collection of known cases solved by TRIZ [21]. In fact, it is a subset 
of the solutions area that TRIZ cases highlight and that CBR processes are supposed to find. Solutions will thus only 
be found in this subset and all additional exploration outside this space is destined to remain lost in a system that 
is evidently prescriptive. Another reservation that we have to make on existing literature is that no author details 
how matching between parameters of a domain and TRIZ parameters is accomplished. Yet this is a central issue in 
dealing with analogies between cases. In addition, this is a CBR that only retrieves; it does not repair.  
The Chen and Liu article [23] gives a more explicit presentation of the way it accedes to TRIZ parameters. 
Their objective is to examine how seven environmentally compliant elements of the WBCSD and the 39 generic 
features in the TRIZ matrix are linked. Designers can easily select connected technical parameters in relation to 
certain elements linked to sustainable development to redefine a functional characteristic. 
In the end, this type of approach can resemble that of Cortes-Robles [21]. It stipulates that apart from analogies, 
the TRIZ matrix and laws of evolution must be used for new cases. This type of posture therefore makes the 
implicit hypothesis that eco-design solutions already known about can be recycled. 
4. Conclusion 
In this article, we have attempted to review research conducted in the area of comparisons between the study model 
offered by TRIZ and that of CBR. This type of research is only in its early stages, but our analyses indicate that it 
is too sketchy and limited to be able to formulate rules at this time. Therefore, these complementary “synergies” 
should be approached with caution because while the one emphasizes thinking outside of the domain, the other 
keeps all reflection within well-defined limits. Work presenting case bases cannot account for the multiplicity of 
domains in industry and is in all likelihood limited to a small number of domains. If the system is used prescriptively, 
there is no longer genuine inventive design because the strong assumption has been made that all the solutions already 
found are the best, while even in the same domain a like contradiction could lead to considering different 
solutions, which would introduce a strong bias. Even if the use of this type of system is done on a consulting basis, 
it necessarily introduces a bias by highlighting solutions that are obviously of lower quality (since they came from 
a limited base) and less inventive than those that would be found using inventive design directly. Consequently, 
research on this subject still has much progress to be achieved, in particular that of offering a complete, systematic 
and comprehensive loop extending from problem statement to solutions, the inventiveness of which will be 
assured because real extra-domain modeling will have been conducted. 
To overcome the problem of limited case bases, one can also imagine that many research centers will collaborate 
to create the largest possible case base in order to allow the selection of different interesting cases following criteria 
such as cost, creativity, environmental impact etc… over multiple domains. 
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